1. Introduction
===============

Primary biliary cholangitis is a chronic disease caused by auto-immune destruction of small intrahepatic bile ducts, which results in fibrosis and cirrhosis with various life-threatening complications.^\[[@R1]\]^ Primary sclerosing cholangitis (PSC) is also a chronic, progressive cholestatic disorder mostly seen in young men while primary biliary cholangitis (PBC) mainly affects middle-aged women with a wide variability in incidence rates across the world.^\[[@R2]--[@R4]\]^ The diagnostic standard for PBC is the presence of 2 of the following 3 criteria: increased serum alkaline phosphatase (ALP) level as a biochemical evidence of cholestasis; presence of anti-mitochondrial antibody (AMA); and histological evidence of destructive and suppurative changes in small-sized and medium-sized bile ducts.^\[[@R5]\]^ Liver biopsy provides valuable information pertaining to the development of the disease and is useful for monitoring of therapeutic response and prognostic assessment.^\[[@R6]\]^ Although liver biopsy is the gold standard for diagnosis and staging of PBC, it is an invasive and painful procedure and its use for staging of PBC has been widely debated.^\[[@R7]\]^ Therefore, it is not commonly performed for conventional diagnosis of PBC except in intractable cases. Several noninvasive serum markers for diagnosis of fibrosis and cirrhosis have been developed, such as aspartate transaminase-to-platelet ratio index (APRI) and fibrosis index based on 4 factors (FIB-4).^\[[@R8],[@R9]\]^ APRI has been shown to be useful as a predictor of histological severity as well as for follow-up of liver cirrhosis.^\[[@R10]\]^ In a study conducted in United Kingdom, elevated APRI was shown to be associated with future risk of adverse events, independently and additively of the response to ursodeoxycholic acid (UDCA) therapy.^\[[@R11]\]^ To the best of our knowledge, few studies have investigated noninvasive markers specifically for PBC. The need for reliable noninvasive markers of the severity of PBC is compelling.

Red blood cell distribution width reflects the range of variation in red blood cell volume in circulation; it is a commonly used index in routine blood tests.^\[[@R12]\]^ The value of RDW for assessment of disease severity and prognostic assessment has been evaluated in various cardiovascular diseases, renal diseases, and some malignant diseases.^\[[@R13]--[@R15]\]^ Some studies have indicated a correlation between RDW and liver disease in the context of nonalcoholic fatty liver disease and hepatitis B virus infection.^\[[@R16],[@R17]\]^ Other studies have shown an association of neutrophil to lymphocyte ratio with hepatitis B cirrhosis and hepatocellular carcinoma.^\[[@R18],[@R19]\]^

In this study, we aimed to explore the relationship between the severity of histological stage and some noninvasive markers such as APRI, FIB-4, RDW to neutrophil ratio, and RDW to platelet ratio in patients with PBC.

2. Materials and methods
========================

2.1. Study population
---------------------

This was a retrospective study of patients with PBC treated at the First Hospital of Jilin University. Patients diagnosed with PBC between January 2013 and December 2017 were eligible for inclusion. The inclusion criterion was patients with liver biopsy-proven PBC. The exclusion criteria were hepatitis-related liver disease, overlap syndrome with autoimmune hepatitis/primary sclerosing cholangitis, and malignant diseases. Ninety-four patients with biopsy-proven PBC who were treatment-naive at the time of liver biopsy were included in the analysis. The study was conducted in accordance with the Declaration of Helsinki and was approved by the First Hospital of Jilin University Ethics Committee.

2.2. Clinical and laboratory data
---------------------------------

The following data were obtained retrospectively from the electronic medical registry database: sex, age, white blood cell count (WBC), neutrophil count, lymphocyte count, red blood cell count (RBC), hemoglobin, red cell distribution width, platelet count, serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma glutamyl transferase (GGT), ALP, albumin, globulin, total bilirubin (TBil), and direct bilirubin (DBil). The laboratory tests were conducted within the 1-week period immediately preceding the date of liver biopsy. The parameters investigated were calculated as follows: APRI = (AST/ULN)∗100/PLT; FIB-4 = (Age∗AST)/\[PLT∗(ALT)^1/2^\]; RPR = RDW(%)/PLT; RLR = RDW(%)/Lymphocyte. PLT and lymphocyte counts were expressed as 10^9^/L.

2.3. Histological assessment
----------------------------

Liver needle biopsy was performed under color Doppler ultrasound guidance. A liver tissue of 1.5 cm requires a minimum of 5 portal tracts for diagnosis. Histological evaluation was performed according to the classification system defined by Ludwig and Scheuer. It was performed by 2 specialists at the Department of Pathology, First Hospital of Jilin University in a double-blind manner. Disease stage was classified into 4 stages according to the histologic staging system (stage 1, florid duct lesions; stage 2, proliferating ductular structures; stage 3, evidence of scarring; and stage 4, cirrhosis). The 94 patients were classified into 2 groups, i.e., early-stage PBC (Scheuer stage 1 and 2) and advanced-stage PBC (Scheuer stage 3 and 4).

2.4. Statistical analysis
-------------------------

Variables are presented as mean ± standard deviation. Categorical variables were analyzed using the chi-squared test. Student *t* test was used for normally distributed continuous variables. The Mann--Whitney *U* test was used for comparing differences between 2 independent samples, which were not normally distributed. Receiver operating characteristic curve analysis was used to determine the optimal cutoff value and the associated sensitivity and specificity for differentiating early and advanced stage of cirrhosis. *P* \< .05 was defined as statistically significant. All statistical analyses were performed using SPSS version 18.0 (Chicago, IL).

3. Results
==========

Out of the 94 patients, 74 (78.72%) patients were defined as early-stage PBC and the remaining 20 (21.28%) patients were defined as advanced-stage PBC. Women accounted for 86.4% and 95% of patients with early-stage and advanced-stage disease, respectively; no significant between-group difference was observed in this respect (*P* \> .05). The mean age of patients with early-stage and advanced-stage PBC was 50.99 ± 9.99 years and 51.1 ± 6.52 years, respectively; the between-group difference in this respect was not statistically significant (*P* \> .05).

No significant between-group differences were observed with respect to WBC count, neutrophil count, hemoglobin, or serum ALT (*P* \> .05). Patients with advanced-stage PBC had significantly lower lymphocyte count, RBC count, and platelet count as compared with patients with early-stage PBC (*P* = .018 and *P* = .032). Advanced-stage PBC was associated with significantly higher RDW as compared with early-stage PBC (*P* = .003). Serum GGT, ALP, globulin, and bilirubin (total and direct) levels in advanced stage were higher than those in early stage. Only serum albumin levels were decreased in patients with advanced-stage PBC (*P* = .004). Patients with advanced-stage disease exhibited significantly higher RPR (*P* = .003), RLR (*P* = .001), APRI (*P* = .001), and FIB-4 (*P* = .003) levels as compared with patients with early-stage PBC (Table [1](#T1){ref-type="table"}).

###### 

Comparison of clinical characteristics of patients with early stage and advanced stage PBC.
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Receiver operating characteristic (ROC) curve analysis was performed for RPR, RLR, APRI, and FIB-4. The area under the ROC curve (AUROC) for RLR (0.744) was greater than the AUROC for the other 3 parameters (RPR: 0.719; APRI: 0.742; FIB-4: 0.718). The optimal cutoff value of RLR for distinguishing advanced cirrhosis from early stage (10.04) was associated with 65% sensitivity and 78.3% specificity (Fig. [1](#F1){ref-type="fig"} and Table [2](#T2){ref-type="table"}).

![Receiver operating characteristic curve of RLR for differentiation of PBC patients with advanced stage cirrhosis. PBC = primary biliary cholangitis, RLR = red blood cell width distribution to lymphocyte ratio.](medi-97-e13431-g002){#F1}

###### 

Diagnostic accuracy of different noninvasive markers for prediction of histological severity.
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4. Discussion
=============

To the best of our knowledge, this is the first study that evaluates the clinical relevance of RLR in patients with PBC. The results showed that RLR, an easily-acquired parameter through blood routine tests, can effectively differentiate advanced cirrhosis from early cirrhosis. RLR may also serve as a valuable marker for estimating the therapeutic response and to predict prognosis.

PBC is a chronic disease that is increasingly being recognized in recent years and its prevalence is growing worldwide.^\[[@R20]\]^ The disease onset is typically insidious and is associated with non-specific symptoms. Pruritus and fatigue were reported in 80% and 20% to 70% patients, respectively.^\[[@R1]\]^ Symptoms of decompensated cirrhosis may be seen in advanced stage. The presence of AMA is an important diagnostic marker of PBC that has a sensitivity and specificity of 90% to 95%.^\[[@R21]\]^

Liver biopsy is still the gold standard for diagnosis and staging of PBC and is useful for monitoring of therapeutic response.^\[[@R22]\]^ Moreover, it can also predict prognosis of PBC.^\[[@R23]\]^ Liver biopsy is essential when PBC-specific antibodies are absent, or when coexisting autoimmune hepatitis (AIH) or non-alcoholic steatohepatitis is suspected.^\[[@R24]\]^ However, it is not essential and, indeed, not accepted by many patients owing to its invasive nature and the associated risk of complications.^\[[@R25],[@R26]\]^ The risk associated with liver biopsy in patients with advanced stage of cirrhosis is much higher than that in patients with early stage. Patients with early-stage disease generally show good clinical and biochemical response to ursodeoxycholic acid (UDCA) therapy.^\[[@R22]\]^ Patients with advanced-stage cirrhosis tend to easily develop hepatic decompensation and show poor response to UDCA.^\[[@R27]\]^ In addition, UDCA treatment in advanced stage does not decrease the risk of mortality or hepatocellular carcinoma in patients with PBC.^\[[@R28]\]^ The prognosis of patients with early stage of cirrhosis is better than that of patients with advanced stage. Thus, figuring out the stage of PBC with noninvasive method is a key imperative.

Noninvasive methods were shown to have a high accuracy for detection of fibrosis.^\[[@R29],[@R30]\]^ An ideal noninvasive marker for predicting the severity of cirrhosis should be easy to acquire, cheap, and have a relatively high specificity. Previous studies had assessed the serum markers of histological severity of chronic hepatitis B, chronic hepatitis C, and non-alcoholic fatty liver disease.^\[[@R31]--[@R33]\]^ However, not many studies have investigated noninvasive markers of PBC.

Parameters like RDW, RPR, AST/ALT ratio (AAR), and neutrophil to lymphocyte ratio (NLR) were shown to predict the degree of cirrhosis. In a study by Lou et al,^\[[@R34]\]^ RDW value was shown to directly correlate with the severity of cirrhosis. In addition, RDW was shown to predict 3-month mortality in patients with hepatitis B. In a study by Chen et al,^\[[@R35]\]^ RPR was shown to accurately predict the degree of cirrhosis. Use of this index may reduce the need for liver biopsy. Similar results pertaining to the ability of RPR to predict the degree of cirrhosis were reported by Taefi et al.^\[[@R36]\]^ Another study from Sweden concluded that the AST/ALT ratio may help identify cirrhosis in patients with PBC.^\[[@R37]\]^ Alkhouri et al^\[[@R38]\]^ showed a positive correlation between NLR and the severity of cirrhosis.

RDW reflects the variation in the distribution of RBC volume in circulation. High values imply greater variation that may relate to anemia. Also, RDW is a marker of chronic inflammation.^\[[@R39]\]^ RDW has been shown to be related with various diseases, such as cardiovascular diseases, renal diseases, and some malignant diseases.^\[[@R13],[@R15],[@R40]\]^ In this study, RDW increased with increase in the severity of disease. Thrombocytopenia is a well-known complication of cirrhosis; therefore, platelet count decreases with the severity of cirrhosis. PBC is an autoimmune disease. Lymphocytes play a crucial role in immune surveillance. A decrease in lymphocyte count may relate with apoptosis and dysfunction of immune cells. Development of advanced cirrhosis is associated with a progressive decrease in lymphocyte count.

In this study, we observed significant difference between patients with early and advanced cirrhosis with respect to RPR, RLR, APRI, and FIB-4. In addition to APRI and FIB-4, which are commonly used noninvasive markers of disease severity, we observed a particularly good ability of RPR and RLR to distinguish between early and advanced cirrhosis. The diagnostic specificity of both RPR (86.4%) and RLR (78.3%) was higher than that of APRI and FIB-4. However, the sensitivity was lower than that of APRI and FIB-4. Therefore, RLR may serve as a valuable supplement to APRI and FIB-4 owing to its high specificity. RLR showed the highest AUROC among all the noninvasive markers (0.744). The results pertaining to APRI in this study contradict those reported from a study conducted in Turkey,^\[[@R41]\]^ in which APRI value decreased with increase in the severity of PBC. Of note, there were no significant differences pertaining to baseline data between patients with early-stage and late-stage disease in the Turkish study; this may have contributed to the contradictory results. Nonetheless, our findings pertaining to APRI and FIB-4 are consistent with those of other studies.^\[[@R42],[@R43]\]^

There were some limitations of this study. First, the sample size of this study was limited. Most patients in our hospital tend to refuse biopsy owing to the invasive nature and pain associated with this procedure. In addition, patients with decompensated cirrhosis are not suitable for invasive procedure due to the high risk of hemorrhage. In our further study, more patients will be enrolled to minimize the bias caused by sample size. Second, this was a single-center retrospective study, which lacked data from other areas. The results need to be validated internally and externally. We will enroll patients from other areas prospectively to validate these results.

In conclusion, this study provides insights into the relationship between noninvasive markers and histological severity of PBC. PRP, APRI, and FIB-4 showed their predictive value for estimation of the severity of PBC. To the best of our knowledge, this is the first study that investigated the clinical relevance of RLR as a new and easily acquired noninvasive marker of the severity of cirrhosis. Owing to its high diagnostic specificity, RLR may serve as a valuable supplement to APRI and FIB-4 for determining the severity of PBC.
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